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AFRODYNAMIC INVESTIGATION AT MACH NUMBER 1.92 COF A
RECTANGULAR WING AND TAJT. AND BODY
CONFIGURATTION AND ITS COMPONENTS

By Macon C. Ellis, Jr., and Carl E. Grlgsby
SUMMARY

An investigation at Mach number 1.92.in the Tangley 9—Inch super—
gonic tunnel of a varlable body—wing-tail configuration has been made
in order to determine and to isolate the aerodynamic effects on sach
other of the components of the configuration. The body had a fineness
ratlo of 12.5 with a cylindrical midsection so that the aspect-ratio—l
rectangular wing could be located at three longltudinal positions along
the bpody. The after portion of the body comverged to the sting diam—
eter. The varlable—incidence—engle rectangular tall was of the same
aspect ratlo as the wing but one—fourth the wing area, and could be
located at three vertlcal posltions relative to the plane of the wing.
The test data presented include 1ift, drag, and pltching-moment measure—
ments through a rangs of angles of attack for all configurations of
this model.

In the presentation of results from the tests, the baslc 1ift, *
drag, and pltching-moment date for all the components and comblnations
of components are firet discussed and, where possible, elemental com—
parisons with theory are made. Next, various factors affecting the
longitudinal stebility of each complete body—wing—tail configuration
are isolated from the test results and discussed separately. Thesse
factors include the effect of the wing on the tall 1ift effectiveness,
the effects of the body upwash end wing downwash on the pitching moment,
and the effects on the piltching momsnt of tall center—of-pressure shift
due to adding the wing. Finally, the pliching-moment-curve—slope varla—
tions with wing positlon and tall height for the camplete confliguration
are dlscussed In terme of the combined effects of the various factors
previously isolated.

UNCLASSIFIED
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INTRODUCTION

<

Proediction of the longitudinal stability characteristics of super—
sonic alrcraft or missile configurations from aelther test data or theoxry
for the components requires knowledge of the aerodynamic effects on
each other of the various components when added together. It is thus
desirable to know, for the usual configursition of body and tandem
lifting surfaces, such effects as that of the body on the forward
lifting surface and the body and forward surface on the tall surface.
Important elements in these general consideratione are the downwash
due to the wing and the upwash due to the body -and thelr consequent
effects on the tall and wing and the longitudinal stablility. Some of
the theories based on the linearized equations of moticn for the down—
wash field behind isolated wings are glven in references 1 to 8 and
computatlione for the upwesh around slender bodles are glven In refer-—
ence 9. The experimemts of referemce 10 for a rectangular wing,
reference 11 for a trisnguler wing, and reference 12 for a trapezoldal
wing provide downwash measurements at supersonic speeds which are com—
pared with the predictlions of the linear theory. It ls recoguized and
shown in the experiments of these referemces that the . linsar—theory
downwash resulte must be altered to accoumt for the effects of the dls—
placement and distortion of the trailing vortex sheet.

The body-wing Interference problem has been treated by means of
inviscid linear theory in refererces 13 to 17. Some baslc consldera—
tions and suggested approaches to the gemneral problem are given in
reference 18. The method of characteristics with sultable simplifying
assumptlione has been used to calculate certain body-wing Interference
problems in reference 19. General treatment of this problem is diffi-—
cult, indeed, because of the great number of possible conflgurations.
Wheon & tell or wing is added to the body-—wing conflguratliom, general
treatment becames mtractable and reliance must be made on experiments
and theoretical study of component effeq¢ts on each other. Another phase
of the problem which has recelived recent theoretlcal attentiom 1s that
of predlicting the characteristics of a lifting surface in a nonuniform
stream such as exlsts in the downwash fleld behind a lifting wing.
Some of these results appear in references 20 and 21.

A lesrge number of experiments to determine the aerodynamic charac—
teristics of complete configuratlons at supersonic speeds have been
made. Most of these experiments have been made cn misslles and missgile
components and, 1ln nearly every case, an attempt has been made to obtain
from the data general interference effects among the conflguration com—
ponents, Also, some systematlc tents of a series of camponemts



NACA RM I9I28a b 3

and configurations have been made. From all these experlimente many
Interference quantities of general interest have been obtained; however,
the proportionate yleld appears small, principslly because of insufficient
precision in the tests. "

The purpose of the present investigation was to isolate, insofar as
posslible in terms of 1ift, drag, and pltching moment, the effects on sach
other of the components of a variable body—swilng—teil conflguration. The
basic test model was made so that the rectanguler wing could be locatbed
at three longitudinal positions along the body and the horizontal tall
could be located at three vertical positions relative to the plane of
the wing. The tests included threoe—component measurememnts on all
possible elements end cambinations of this baslc model and were made at
a Mach number of 1.92 in the Langley 9—inch supersonic tumnel,

In the presentation of results from the tests, the basic 1ift, drag,
and pltching—-moment deate for all the components and combinations of come
ponents are first:discussed and, where possible, elemental comparisons
with theory made, Next, various factors affecting the longitudinsl sta—
bllity of each complete body—wring—tall conflguration asre lsolated from
the test results and dlscuseed separately. These factors include the
effect of the wing on the tail 11ft effectiveness, the effects of the
body upwash end wing downwash on the pltching moment, and the effects
on the pltching moment of tall center—of—pressure sghift due to adding
the wing. Finally, the pltching-moment—curve—slope variatlong with wing
posltion and tall helght for the complete configuratlion are discussed in
terms of the combined effecte of the varilous factors previously ilesolated.
It will be obvious that the flnal longltudinal-stabllity changes with
wing position and tall height are relatlvely small for the configuration
of these tests; however, a rather detalled discussion is made for the
seke of other cases where these combined effects msey not be small.

SYMBOLS
A aspect ratio ('be/s)
o engle of attack
9Gr=0 angle of gero 1ift
b wing span
c wing chord
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drag coefficiemt (D/qS)

1ift coefficient (L/qS)

pitching-moment coefficlent, referred to theoretical flat—
plate center of pressure of wilng (M/gsc) (fig. 2)

pitchingrmoﬁent coefficient calculated from measured Incre—

mental 1ift values assuming tall center of pressurs at 4
theoretical f£lat-plate location for lsolated taill

pltching-moment coeffliclent et o = O

downwesh angle (positive downward)

average effectlve downwash angle from theory or force
testes (fig. 18)

effective average downwash angle from force tests
{(equation (6))

effective average downwash angle from force tests

(equation (7))

C
wing.wake parameter SEEEEEQEB
( Iit)BT

tall height (fig. 2)

tail incidence angle T

tail length (flg. 2)
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M . Mach number

q dynamic pressure (pVE/2)

o] stream density

R Reynolds number (pVe/j)

S wing area

Subscripts: _

B - m.od.ei conflguration of body and vertical tail

BT model configuration of body, vertlcal tall, and horizontal
taill S .

BW ' model configuration of body, vertical tail, and wing

BWT model configuration of body, vertlcal tail, wing, and

horizontal tail _

t refers to horizontal tail

b in presence.of body

bw In presence of body and wing
w due to addition of wing

min minimmm

APPARATUS AND TEST PROCEDURE

Description of Tunnel

A1l tests were conducted in the lLangley 9—inch supersonic tunnel
which 18 a continuous—operation closed—cilrcuit type In which the stream
pressure, temperature, and humidity condltions can be cantrolled and
regulated. Different test Mach numbers are provided by Interchanging
nozzle blockse which form test sections approximastely 9 inches square.
Throughout the present tests, the moisture content in the tunmel was -
kept sufficiently low so that the effects of condensation in the
supersonic nozzle were negligible. Eleven Tine-mesh turbulence—damping ~

-
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gereons sre provided in the relatively lerge area settling chamber Just
ahead of the supersoalc nozzle. A schlieren optical system is provided
for qualitative visual flow cbeervations.

Models and Test Setup

A drawing of the test setup In the tunnel is shown In flgure 1 and
detalls and dimensions of the model are shown In figure 2. The wing
could be fixed at any one of three longltudinal locatlons slong the
fineness—ratio—12.5 body. A smooth plug was elsc avallable to make up
the body for tests with no wing. The tail sectlion was removable so
that different talls could be provided and, as shown, three values of
tall helght were used in the tests. All surfaces had symmetrical
circulsr—arc sectlons of 6—percent thickness ratlio. Both wing and
horizontal tall were of aspect ratio 4 and the tall area was one—fourth
that of the wing. The vertical +tall was provided sclely for supporting
the horizontal tall in positions above the body but was Included on all
model configurations. In crder to complete the series, wing-alone tests
were made in which the wilng was mounted cn a very slender sting in con—
Junction with a different movable windshield. The sting end windshleld
arrangement was simllar to that used in the tests of reference 22. This
arrangement 1s described in reference 22 and is shown to have small
effect on the flow over the wings of those tests.

The present tests were dlvided into two series. The lift-strein—
gage arrangement shown In flgure 2 wes that used in the flrst series
of tests. In thls arrangsment, the 1ift gages were wired in such a
way that the force normal to the beam wae indlcated dlrectly and inde—
pendently of longltudinel location. The moment was Indlcated Independ—
ently on the other gage. Readings of both sete of gages were taken
from Baldwin Southwark SR—4 straln indicators. In the second series of
testa, the Internal beam simply had two moment gages, and moment values
at each statlon were taken Independently. The use of the intermal sting
balance permitted evaluation of forces on the model only and excluded
forces on the support sting. There did, however, exist the posslibllity
of small forces acting on the Inner portlon of the body shell at the
rear, these forces arlsing from flow through the small gap between the
body and exposed sting at angles of atteck. Also, there existed the
pogglibility of effects on the flow over the rear portlon of the body of
dileturbances due to the windshield belng felt forward through the
exposed—sting boundary layer. Both of these effects, however, are
believed to be small In most of the data presented.

In additiorn to measurements of normsl force and pliching moments

by means of the strain gages, the sting was connected to extermal
mechanical scales which meessured the 1ift, pltching moment, and drag
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of the model plus any forces on the sting. The 11t and pliching-
moment data from the extermal sceles were cbserved toc include large
side forces on the spindle; hence, only the drag date from the externsal
scales are presented or used herein, except that forces on the wing
alone using a different sting and windshleld arrangement were obtalned
from the extermal scales. A drag measurement was, of course, necessary
in order to reduce the strain—gage normal—force values to 1ift values.
Portunately, the drag forces on the sting, which are included in the
external scale measurement, are very small as was proved by auxiliary
tests.

Angles of attack of the model were measured by means of a very
narrow light beam reflected onto a scale from e small mirror embedded
. In the rear section of the body. In this way, true angles of attack of
the model were lndlcated dlrectly.

Test Procedure

Conflgurations.— Force measuvrements ylelding 1ift, drag, and
pltching moment were made over a range of angles of attack of about +6°
for 11 possible elements and combinations of the body, wing, and hori-—
zontal taell. Also, the tests Included configurations having several
tall incidence angles for each of the three horizontal talls. In addi~
tion, a test of the wing on a very slender sting was made at two values
of Reynolds number — one value the same as that for the configuration
tests, and the other value one~half thils value to approximate the
isolated—tall characteristics.

Test series.— The data presented were obtained from tests divided

into two series. Tn the flrst series of tests, measurements of 1ift,
drag, and moment for &1l conflgurations were made. Subsequent analysls
of the data, however, revealed that errors had been made In Initially
referencing the model angle of attack with respect to the stream direc—
tlon. These errors appeared rendom and indicated errors in absdlute
angle of attack relative to the stream of as much as 0.5°. The data
further indicated that errors, though mmch smaller then the angle—of—
attack referenclng errors, had also been made In the tall—Incldence—engle
measurements. In a given run of thils serles, however, model angles of
attack relative to each other were wilthin +0,01°; thus, 1lift— end moment—
curve—slope values were stlll accepteble. It was concluded that the
errors arose from the msthods of mechasnical measurements used. As a
consequence of these errors, a second complete serles of tests was made.

The purpose of the second series of tests was to poslition the curves

of 1ift, pitching momsnt, and drag with respect to the angle of attack as
preclisely as possible. If the errors in the first serles had been
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confined to angle—of-ettack reference, 1t would have been sufficlent to
egtablish the angle of zerc 1ift as a function of tall incldence angle.
Since the tall Incldence angles were also in doubt, it became necessary
to establish some velue of moment coefficient as a function of tall
incidence angle. Once these variatlons were established, the 11ft and
drag curves c¢duld be ghifted along the angle—of-ettack scale snd the
moment curves could be shifted along the angle—of-attack and moment
scales to posltlons corresponding to the original measured valueas of
tall incidence angle. The only assumptlon Involved in this procedure
is that the shapes of the curves do not. change in belng shifted from a
position corresponding to that for the true tall incldence angle to the
posltion for the measured tall Incldence angle. Analysis of the data
showed that thls assumption was valid for the smell differences in tall
incildence angle., ITn this second test series, the angle of zero 1ift and
the pitching-momemt coefficlent at zerc angle of attack as functiona of
the tall incldence angle were accurately established for each configura—
tion by running the model through only the necessary emall range of
angles of atteck. Different measuring procedures were adopted so as to
Increase the accuracy of the angle~ocf-sttack reference and the tail=-
incidence measurements., In the second test series, the Internal beam
with only two simple moment gages was employed. '

Preclslion of Data

The preclseion of the data has been evaeluated by estlmating the
uncertainties in each item involved in a glven quantlty end combining
these errors by the method whilch follows from the theory of least
squares. (See reference 23.) The final values thus obtained for the
uncertainties in the quantities involved In the present teste are
summarized 1n table I and a discussion of the varlous factors affecting
each of these quantities 1s glven in appendix A. For those cases in
which the preclsion veries with 1ift coefficient, values are given for
1ift coefficlemnts corresponding approximstely to the limit of linearity
of the 1ift and moment curves as well as for gerc 1lift. The uncer—
taintles contlnue 4o increase beyond the llneer range.

RESULTS AND DISCUSSION

The baslc data are presented in the form of 1ift, pliching—mament,
and drag coefficilemts, and the coefficlents for all conflguratlons are
based on the total wing area. Plhching-moment coefficlemts are based
on the wing chord and are referred to the theoretical center of pressure
of the wing (0.486¢c) as calculated from the linear theoxry for a flat
plate at the test Mach number. For the conflgurations wlthout the wing,
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the pitching—moment coefficlents given In the graphs are referred to
the point corresponding to the aerodynamic center of the wing in the

most forward position (&"- = 3.3&). The Reynolds number wes 0.1 X 106

based on the wing chord or 2.8 x 10° based on the body length for all
the tests except as mnoted. '

Lift Results

The 1ift results for all the canfigurations are presented in
figures 3 and 4. As mentioned earller in the sectlon on test series,
the data from the first test serles have been shifted along the angle—
of-attack scales so that the angles of zero 1ift correspond to the
csorrect value as determined in the secomd test series. These date from
the first series are Indicated by the larger test—point symbols. The
ameller symbols represent data from the second test sgeries and cover a
mich smaller angle—of—eattack range in most cases. Although the data
for the BWI and BT configuraetions in the second test series were obtalned
at values of 1; different from those of the filrst serles, the data have

been shifted along the angle—ocf-ettack scale so that they colncide with’
the data for the nearest 1; values from the first series. This pro—

cedure alded in the accurate determinsbtion of lift—curve slopss end was
cansldered Justified since the difference in 1. values between the two

test series wes small and the curves were linear in the small angle—of-—
attack range of the second test series.

In the followlng sections on the 1ift resulits, dlscussion wlll be
mede of relatively small variations in 1lift-curve-slope values and small
departures from linearity of the Individusl 1lift curves. Although emall
percentagewlise, the varietions in 1ift—curve slopes leed to significant
changes in quantitles such as the downwash due to adding the wing which
will be subsequently obtained from formmlas Involving differences between
slope values. Since these formuiles involve lineasr slope values and are
sensitive to small differences in these velues, it is of significance
also to point out, for each configuration, the limits of Ilinesrity of
the 1lift curves so that the range of applicabllity of quantities subse—
quently obtalned by the llnear formulas can be qualified by reference to.
thege limits of linearity defined here.

BWT configurations.— Lift curves for sl1 the BWL confligurations are
shown in figures 3(a) to 3(1). In general, it appears thet the 1linear
range of 11ft variatlon with angle of attack is roughly +2° sbout the
angle of zero 1ift, with the e_xception that the results for the tail

at P—
c

= 0.35 show a tendency for the linear range to be reduced as the

S
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incidence angle increases. Values of lift—curve slope taken from the
linear range of the data are glven In table IT. The most significant
trend of the values of lift—curve slope 1s the Increase as the tall arm
is shortened. For the two lower btalls, the small increase in lift—curve
slope as the tell erm 1s shortened is probably due to decreasing wing
downwash as expected fraom theary. For the case of the highest tall where
the wing downwash is expected to be emall, there appears no significant
effect of wing position an lift~curve slope. The most significent changss
in lift—curve slope wlith taill incldence angle are seen for the casse

of %= 0.35. This Ilncrease 1s due to changss In the flow In the reglon

between the tail and the body and will be discussed subsequently.

BT end B configuratlions.~ Iift curves for all the BT configurations

are shown in figures 3(J)) to 3{(1). In general, the linear range of angle
of attack 1ls greater than for any of the other configuratioms. One
slgnificant depesrture fraom linearlty appears for the case of the tail

for 2-0.35 at 1 = 7.79° in the angle renge from about —5° to 1°.
The values of lift—curve slope for all the BT configurations are the same
within a maximum varistion of 7 percent. The fact that the tall for i—l =0

has a 11ft—curve slope equivelent to that for the two higher tails, in
splte of the fact that over 20 percemt of its area 1s submerged within the
body, 1s due to the greater upwash at the body meridian plane,.

Results for the B configuration (no wing or horizontal tall) shown
in Pigure 3(m) indicate a linear range of about +30.

BW and W configurations.— The last of the 1ift results for the EW
and W configuretions are shown in figure 4. The B and W results are
included on each graph for compsrison. The values given in table II
indicete the lift—curve slope of the BW conflguration to Increase slightly
as the wing moves rearwerd along the body. The range of linearity for
both the BW and W canfiguratlions appears to be about £2° about the angle
of zero 1ift. o

Comparison of wing end body 1ift results with theory.— Comparison of
the experimental lift—curve-—slope value ((CI(L)W = 0.0365) for the wing

alaone with the theoretical wvalue from the linearized theory for a flat
plate indicates that 93 percent of the theoretical 11ft has been realilzed.
The theoretical value of Cp = 0.0392 is computed for a flat—plate

a

rectangular wing of aspect ratio 4 at M = 1.92, with no second—order
corrections for thickness effects.
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For the case of the body 11ft, a rough theoretical estimate of its
1ift may be simply obbtalned provided the body is consldered sufficiently
slender. TFrom Munk's asirshlp theory, the lift—curve elope of & very
glender arbitrary body 1ls given as C;, =2 vwhere o 1s in radians

» ;

and Gy, 1s based on the base area of the body. In dlscussing the theo—

retical 1ift of the body from thils simple concept, several factes are
important, namely, that, 1f the body closes so as to terminate in a
point, the total 1ift at an angle of atback 1s zero. If the initially
oglval nose is followed by & cylindrical sectlon, the 1ift on the cylin—
drical portion of the body 18 zero. One other important fact is that
the forward portion of the body that increases in area rearward carrles
positive 1ift and the rearward converging portlon of the body carries
negative 1ift. Thus, for a body which has a rear section that comverges
(boa:b—ta.il:b:tg), any separablon at angles of attack tends %o reduce the
negative 1ift, thereby increasing the total 11ft. If the lift—curve
slope of the pressnt body is calculated as previocusly outlined based on
the base area and converted to the model wing area, a value of Gy, per

degree of 00,0011 1s obtalined. Thls value 18 seen to be only one-half of
the experimental value given in table IT. Since a large part of the body
length reasrward of the nose section i1s cylindrical, it might be expected
that the theoretlcal situation would be more closely represented by
ignoring the rear converging section and basing the 11ft on the cross—
sectional aree of the cylindricel portion. Such a velue is double that
obtained by considering the megative 11ft of the rear portlion and is
about identical wlth the experlimentel wvalue. It thus appears that if
these simple concepts may be considered applicable, the negative 1ift
over the rear portion of the body 1is essentlslly wiped out by sseparation.

Combining the lift—curve-slope values for the body and wing tested
separately gives Cg = 0.0387, which value is seen to be lower than any
(o

of those for the body and wing in combinstion. This 1s probably due
largely to the increase In 1ift of the wlng in the upwash reglon created
by the body. Beskin, In reference 9, hes carried out, by means of
linearized theory, calculatlions for the lateral upwash distribution in
the meridian plane of a hody made up of a slender oglve followed by a
cylinder., His results show that as the cylindrlcal portion of the body
is approached the upwash distributlion out from the body in the meridian
plane follows very closely that for an infinite cylinder; that is,

€ = — R—g .where r 1s the distance out from the body and R is the

r
radius of the body. By use of strip theory along the wing for the present
configuration, an average effective upwash slong the span of 0.05a
is obtained. Tt 1s then assumed that the 11ft of the exposed wing in
the presence of the body would be increased by 5 percent. By using the
experimental value obtained for the wing alone and assuming further
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that the unit 1ift of the buried section of the wing is equal to the
. average unlt 11ft of the wing elone, the estimated 1ift incremsnt of
the wing added o the body would be '

A(ch)w = (0.86)(1.0'5)(c:Lm)W + (0.14) (chL)W = 0.0380

The experimental values for the wing-1ift increment, (ch) —_ (CIU.)B’

vary from 0.0378 to 0.0383 as the wing moves back along the body. The
apparent check of the experimental vaelues with the above estimate is no
doubt fortultous, since the assumptions, especlally that of 1ift carry—
over, may not be Justifled. In light of computatians masde In refer—
ence 24 Ffor a similar configuratlon using Ferrari's body-wing Iinter—
ference theory, howsver, there is reason to believe that the effect of
the wing on the body 1s such that the 11ft of the burled portion of the
wing tends tc be preserved. Results from thease computations in refer—
ence 2k show that the 1ift of the wing first lncreases, then falls off
a8 the body ls approached, and that the effect of the wing on the body
1s to increase the body 1lift; in fact, the greatest portion of the 1ift
on the body due to the wing appears d.c_wnstream of the wing~tralling-edge
Mach plane and body Intersection. The effect of the rearward shift of
the carry—over wing—lift increment will be more spparent In the moment
resulta.

Variation of GCIF o with tail incidence.— Variations In the angle

of zero 11ft with tall Incldence obtalned in the secand test series are
shown in flgure 5 for the BT configurations and in figure 6 for the
BWT configuratlions. The results in figure 5 for the BT canfigurations

show that for iy = 0°, ag .o 18 nearly 0.9° for the 2=0.35 case

and about 0.3° for the % = 0,70 case. This result undoubtedly arises

from a downflow at the tall dus to the flow fleld induced by the can—
verging body, slthough the displacement of ag=0 8t 1y = 0° for the

intermedlate tell is also Influenced, as will be shown subsequently, by
a different flow fleld which l1s created between the tall and the body.
The much smeller displacement at 1y = 0° For the lower tail is probably

agsoclated wlth the Influence of the wvertical taill.
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aiy
that the lift—curve slope of this tall obtalned by verying iy 1is
appreciably less than the incremental llft—curve slope obtalned by
varying the angle of attack of the body and tail. This lower slope 1is

as mlght be expected since a relatively large fraction of the total tall
ares 1s buried in the body.

The lower slope, for the % = 0 tall 1s due to the fact

The dlsplacement of AGr=0 for iy = 0° 1is still apparent for the

BWT configurastlions as shown in figure 6, although the values of displace—
ment are lower because of the 1ift of the wing. No signlficant effect

of wing longltudinal position is noted except for the case of l;- = 0.70

where moving the wing rearward ls seen to shift the angles of zerc 1ift
to s8lightly more posltive values.

Mament Results

The moment results for all the configurations are presented in
figures 7 and 8. TFor each configuration, the pitching-moment—coefficilent
values fram the first test series (larger symbols) have been shifted
along the angle—of-attack scale by the same corresponding increment as
was required to make the angles of zero 1i1ft correct for the original it

measurements. If the original 1y measurements had been correct, this

shift iIn angle of attack for the moment values would have been sufficlent;
however, measurements In the second test series of the momemt coefficlent
at o° angle of attack showed that the angle shift was not sufficlent, thus
positively Indicating errors In the original 1 measurements. The moment-
coefficlent values were. therefore alsc shifted along the momenkt scale by

a constent increment for each configuretionr so that the moment coefficient
at 0° angle of attack correspaonded wilth the value as determined in the
second test series. As for the 11f% results, the results from the second
test series (emaller symbols) were shifted along the angle—of-aettack

scale so that the curves occupled the positlon corresponding to the

original 1; -values.

Since the moment— and lift—curve slopes were unaffected by small
changes in Incldence angle, an equatlon giving the error in the origi-—
nal 1i; measurements can be set up by using results obtained in both

test serlies. Celculations using this equatlion were made for most of the
configuretions with the tall, and the results for each setting were seen
to scatter rather wldely because of the sensitivity of the equatlion +o
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small changes in soms of the terms. It was thus believed that 1t would
be more satisfactory to present the data as corresponding to the orlginal
tail-engle measurements rather than attempt to correct the 1y values

only approximately.

BWT configurationa.— Pitching-moment curves for all the BWT canfigu—

rations are given in Ffigures T(a) to 7(1). It may be seen that the
scatter of the moment data ls generally greater than the scatter of 1lift
data. Also, the trends of the scatter can be seen to follow generally
the trends of uncertainty as glven in table I, It thus appears most
probable that veriations in the last dlglt of the wvalues shown for the.
pliching—moment—curve slopes In teble ITI may not be significant for some
cages, Furthermore, since the uncertalnty of moment values Increases
with 1ift or angle of abtack, the range of linearity of the curves 1is
not readlly determinsble. It 1s generslly observed, however, that the
changes in slope of the moment curves coinclde with changes  in slope of
the 1ift curves; thus, the linear rangs of angle of attack of the moment
curves appears spproxlmately the same as that for the 1ift curves. '

The effects of changes In downwash with wing poslitiaon are not
obvious from the moment—curve slopes given in table IT because of the
changing tail erm. It is apparent, however, that the effects of varla—
tions in the taill incldence amgles on the moment—curve slopes for the
two higher talls are greater than the effects on the lift—curve—slope
values. As mentioned for the 1ift results, these effects ars probably
due to changes in the flow between the tall arnd the body.

BT and B confilgurations.— Mament curves for all the BT conflgura—

tions are shown in figures 7(J) to T{(1). The differences in magnitude
between the BT mémsnt—curve—slope velues and the correspoanding values
for the BWI configurations are due both to the effect of the wing on the
body and the effect of the wing on the tail. The effects of Incldence
angle for the two higher talls are sesn to be. of the same magnitude as
for the BWT configuratlons. C

From the values of (GMU.)B and (CLQ,)B glven in table I, it

appesrs that the center of pressure of the body lles about at the nose.
This indicates that most of the 1ift 1s carrled on the nose section but
that some negatlve 1ift over the rear section of the body 1s still
present. This result 1s nob necessarily contradictory to the deductlon
from the 1lift results that the negative 1lift over the rear portion of
the body 1s wlped out by separstion, since even the small negative 1ift
at the rear of the body can have an appreclable Influence on the body
center of pressure. - I o '
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BW and W configurations.— The moment data for the BW and W configu—
rations ere glven in figures 8(a) to 8(d). The moment—curve—slope
results qualitatively bear out the statement made in regard to the 1ift
that the 1ift "carry over" of the wing is, as predicted by calculations
besed on Ferrarits work, shifted rearwerd relative to the cember of 1ift
of the wing alene. This may be seen by comparing the valuss of the
moment—curve slope for the wing alone with the incremsntal value for
the wing on the body. The Incrementsl moment~curve slope canbribution

of the wing ((Cmu.)BW - (GmG)B) is, from teble IT, for 1/c values of 3.3k,
2.7, snd 2.1k, respectively, A(cl,ﬂm)W = 0.0009, 0.0008, and 0.000L.
Since (Omu)w = 0.0055 and the 1ift increment of the wing on the body is

greater than the 11ft of the wing alcmne, it 1s clear that for all wing
positions the effective center of the Incremental wing 1ift is con—
. 8lderably farther resrward than the center of 1ift of the wing alome.

Varistion of (Cp),_, with tall incidence.— The paremster (Cp)

we.s selected for determinstion 1n the second test serles slnce values
of thls parameter were always in the llnear range of the 1ift end moment
curves and the moment curves from the first test series could thus be

correctly posltlioned. The variatlans in (Gm)m:O wlth 1y are glven

In figure 9 for the BT conflgurations and in figure 10 for the BWT con—
figurations. The slopes of these curves are givem in table IIL, The
poeitive moment at 1y =. 0° erises from the down load at the tell shown

in the 1ift results. The seme trends wlth tall helght as for the 1ift
are indicated, that is, the largest displacement of (Cm)cn=0 at 1y = 0°

occurs for the Intermediate tall, decreasing for the highest end lowest
talls. The magnitude of (Cm)u:O at i = O° appears essentially

unchanged by adding the wing except for the intermedlate tall for which
case the displacement is a function of wing position. This veriation
wlth wing positian 1s Indicated to be due to the iInfluence of the flow
field from the wing on the flow around the tall, since the dlsplacemsnts
for the other two tall posltlons are unchanged by addition of the wing.

Drag Results

The drag data from the first test serles for all configurstione are
glven in figures 11 to 1k. No drag data .are presented for the second
test series. As for the 11ft, the drag values have been shifted slong
the angle—of—attack scale by the same increment as was requlred to make
the angles of zero 1ift correct for the tail incidence angles shown. Tt
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1s obvious that the value of minimm drag is a functlon of tail inci—
dence, but since the errors in tall incldence were small, the corre—
sponding drag errors would alsoc be small and the nature of the drag rise
should not be significaently affected. It should be mentianed that the
low Reynolds number of the tests tende to lessen thse sign:lfica.nce of the
absolute values of the drag coefflclents.

Drag of wing on sting.— The drag date obtained from tests of the
wing on the slender sting are presented in figures 11(d), 12(d),
and 13(d). Also included in figure 11(d) are results for a test Reynolds
number approximately one—half the value for sll gther tests presented.
Evidence that the boundary—layer flow over the wing 1s almost wholly
laminar can be seen by calculation of the incrememtal pressure and vis—
cous drags. The following table shows s, breakdown of the drag incre—
ments at 0° angle of attack:

Celoulated _ Cp friction for
Test Reynolds|Experimental ou-avet fop  total — | laminar flow,

number Cp total Cp pressurse Cp pressure 2,65k
(Reference 25)
VR
395,000 0.0162 0.0118 0.00k44 0.0042
202,000 JOLTh .0118 .0056 . 0059

The close agreement between the frictlon drag increment from the tests
end the calculated frictlion drag Increment, together with sch.lieran
gtudies which showed very small sepa.ra.tion suggost that at o° angle of
attack the boundsry-layer flow over the wing is essentialjy leminar.

Tt ie apparent in figure 11(d) that the raste of drag rise with angle
of attack is lowest for the lower Reynolds number results. For this
case, the drag rise 1s as predicted by assuming the resultant force on
the wing to be normal to the chord line. For the higher Reynolds number
cage, the drag rise 1s higher. The 1ift~ and moment-curve slopee were
Indicated to be unchanged by the varlation in Reynolds number, thus the
resson for the Increese in the rate of drag rise for the higher Reynolds
number case 1s not clear but may be assoclated with an Increase with
angle of attack of the vlscous chordwise force.

Drag increments due to adding wing and tsil.— The increments in drag

due to adding the wing to the B and BT configuratians for various inci—
dence angles were compared at the angle of attack for minlmum drag of

each BWT configuratlom. These lpcrements were then referred to the drag
of the wing alone (wing on sting) at the same angle of attack and compared
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wlth each other. This comparison 1s shown 1in table IV in terms of the
ratioc of wing drag increment to the drag of the wing alone. It 1s
indicated from this comparison that the increase in drag increment above
that for the wing alone is primerily due to addlng the wing to the body
and that only secondary changes arise from the effect of the wing In
changing the flow at the tell. Comparisons at hlgher and lower angles
of attack within the range of the tests showed that the value of both
-of these ratios generally tended to approach 1 as the angle of attack
was Increased or decreased with respect to that for minimm drag. This
latter result i1s assoclaeted mostly wlth the fact that the configurations
with the wing have hilgher drag rises with angle of attack than do the B
and BT configurations. The large increasse in the wing drag increment
when added to the body as campared with the drag of wing alane may be
associated with a change from laminasr to turbulent flow over the resar
portion of the body when the wing 1s added. This possibility is
suggested by the decrease in wing drag increment as the wing is moved
rearward.

A similar comparison was also made between the drag Increments of
the tall in the presence and not in the presence of the wing. For the
reference drag, that 1s, the drag of the tail alone, the one—half Reynolds
number wing-elone test values of drag coefficient were quartered since
the tall area is ane—fourth that of the wing and the coefficients are all
based on the wing area. Thls comperlson showed the same general results
as d1d the comparison for adding the wing, that 1s, the effect of adding
the wing on the drag increment due to the tall was small., The most signifi—
cant result of the tall—drag—increment study was the observation that :
the drag Increments of the two highest talls at the highest incldence
engles approached values 2.3 to 2.8 times the drag of the tail alone.
Drag increments for the lowest tall and the higher tails at lower incl—
dence angles varied between 0.8 and 1.3 times the drag of the tail alome.

Factors Affecting Pltching Momsnt of BWT Configurations

In the followlng sections, the data Just presented wlll be used to
isolate various factors which affect the pltching moment of each BWT con—
figuration. These factors Include the effects of the wing on tall
effectiveness, the effects of body upwash and wing downwash on the tail,
and the effects of the wing on the tail center of pressure. Isstly, the
pitching—moment varlations with tall height and wing poslitliom of the
BWT configuration willl be discussed In terms of the comblned effects of
the various factors. The procedure used to obtain the body upwash and
effectlive average wing downwash at the tall 1s given In appendix B which
also includes a general discussion of the limltations of wvarious pro—
coedures for reducing force data from tests of veriable tail-incidence
configurations to effectlve average downwaesh angle at the taill.
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Wing-Wake Effects on Tall Effectlveness

It would be expected that, 1f effecte of the wing friction wake
on the tall 1ift or moment exlst, variations in these effects would
occur as the tall moves vertlcally with respect to the friction wake
and 1ts boundaries. ¥ram the present tests, detalled examination of
the data falled to reveal any change from lineerity in the 1ift or
moment curves for the angles of attack corresponding to those at which
the tail mlight be expected to pass through the frictlon wake. It was
concluded, therefore, that 1f any such effects were present, they were
small and the precision of the measurements wasg insufficlent to show
them. The linear results shown in table ITI, however, Indlcate sig—
nificant effects on the tall effectiveness due to adding the wing, 74,
thus suggesting that the effecte arise from the wing wake as a whole
and are not confined to the vicinity of the frictiom wake. The values-
of 4Cq, ,dj.t glven in table IIT were obtalned by mltiplying the averags

lifb—curve~slope va.lue throughout the 1, wrange for each tail from

table IT by the ——L— values fram figures 5 and 6. The values
dig

of dCpfdly elven in teble ITT were taken directly fram figures 9
end 10.

The velues of wlng-weke parameter 1y g&Iven In figure 15 were

obtained fram the linear results of table ITT. It should be noted, in
observing the varlations shown Iin figure 15, that smaell changes In the
slope values result in changes In 7y vwhich are a large fraction of

the 14 values shown. For Instence, 1f 1% is assumed that the 1ift—

d_“_C::O
curve—slope velues are within +0.0002 and the + values
dai .
t

within +0.002, then from the method of least squares, the maximum
probable errors in . ny vary from about £0.03 for the lowest tail

to +0.02 for the higheet tail. With these posslble varlafions in mind,
the resulte of figure 15 indlcate that the 1ift effectivensss of the
tall is unchanged due to adding the wing for the two hlgher tails but
is Increased for the lower tail. This result lg that for the average
effectiveness of the taell throughout the i; range; however, if the

individual lift—curve—slope values of table I are used In computing 74,
it 1s indicated that, for the two highest talls, the 1ift effectiveness
of the tail tende to be reduced due to adding the wing as the incldence
angle incresses, although the differences.fram the average values are
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not appreciably more then the probable deviation estimsted previously.
The wing lomgltudinal poeltion relative to the tall does not appear to
have a significant effect an n4. '

Using moment instead of 1ift results for the wake parameter, the
same trends with vertlcal-tall locatlon are seen, but the absolute
values of 173 are reduced, Indicating that an effect of the wing is to
move the tail cemnter of pressure forward.

Dowvnwash Results

Theoretical comsideratlons.— The theoretlcael downwash dlistribution

behind the wing as obtained from reference 1 is glven in figures 16
and 17. The linearized theory of reference 1 1s for isoclated wings and
computations of downwash values are pregented therein only In the plans
of the wing fram the trailing edge to infinlty end for vertical dls—

1

tances gbove and below the plene of the wing at infinlty (E = ],

These downwash distributions at the tail are glven mainly for the purposs
of showing trends and the order of megnitude of the angle gradlents
across the tall. The magnitude of. the values at infiniby is Boo large,
as can be seen from the camparison of figure 16(a). From calculations
for finite tall distances not given herein, however, 1t appears that

the trends with tall height of the values shown at infinity are correct.
Computations of the downwash values at the test longitudinal tall loca—
tions above the plane of the wing were not carried out since the effort
required did not appear Justifled In ylelding a comparison with the
present results which represent integrated effects. Also, since the
test angle—of—eatback range was small and only lineesr results were con—
sidered, no considerations of the dlstortion of the downwash field due
to displacement of the tralling vortex sheet were made. Reference 10
shows these effects to be small for small angles of attack and within
spanwise distances such as that covered by the tail of the present tests.

Effective downwash angles from test results.— The effectlve down—
wesh sngles as obtalned from the test resulbs are glven in figure 18.
The theoretical downwash values from flgures 16 end 17 averaged across
the tall span are glven in figure 18(a) for comparison with the test
values calculated from equation (6) in sppendix B using 1ift results.
Since the method used for reducling the data to average downwesh assumes
linear characteristlics of the various conflgurations, and since the
variations of lift—curve slope with 1; . are small, average values of

the lift—curve slope throughout the i; range of each canfiguration
from teble IT were used in obtaining the results shown In figure 18.
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First, 1t 1s seen that a large upwash due to the flow fleld about the
body occura at the %—- = 0 +tail on the meridisn plane through the body.

This lsrge upwesh 1ls as expected, and the average value roughly checks
that obtalned considering the body shead of the tall to be an infinite
cylinder. As the tall 1e raised above the body, the upwash falls off
to nearly zero at the highest tail location. Addition of the wing
creates downwash for all cases; however, for the two lower talls, the
resultant is still upwash. Comparison of the effective downwash due

to the wing with the theoretical values for % = 0 ghowe decreasing

downwash as predicted by theory as the tall sxm is shortened, dbukb

conelgtently greater downwash at = 0 +then the average theoretical
values. Xxamination of the effecte on the %—G-I values of changes in
the quantities used in equation (6) shows, fog Instance, that If 1,

were equal to 1, the g? values for the hg: 0 tall would be 0.08,.

0.03, and —0.02_for__% = 3.3%, 2.74, and 2.14, respectively. These

o

values are seen to be leass than the average theoretical wvalues, thus
suggesting thet the differences between the preceding values assuming
Ng = 1.0 and the theoretical values are due both to the effects of
the mmtual interference between the flow due to the wing and thet due
to the body and the effects on the Integrated force on the tall of
the nonuniform flow across the taill. Thls suggesticn assumes that the
theoretical downwash for the lsolated wing would be reallzed. The
results of reference 10 indicate that for the regions occupled by the
tail in the present tests, the theoretical values for the lasolated
wing should be closely approached. The trend wlth increasing tall
height is decreasing downwash as shown by both the theory and the

experiments. The hump in the curves at the %—: 0.35 tail height 1=

probebly assoclated with the different effects of the flow due to the
wing at angles of attack on the asymmetrical flow arcund this tail,
Positive qua.lita:bive indication of this effect on the flow about the
tall wea gained from schlleren photographs which are dimscussed in the
next section.

Downwash values camputed using pliching-moment—curve slopes Instead
of lift—curve slopes in equatian (6) are given in figure 18(b). The
moment—curve—slope values used are, as for the 1ift, average values
throughout the 1 range from table IT. It is seen that, although the
trends are generally the same as those cbtained using l:lft resultas, the
magnitude of the values 18 appreciably different. Some of these

differences are probably due to the lesser accuracy of the moment results -

[ 9]
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ag seen by the scatter of Cﬂ'u, values in btable IT. The largest part

of the differemnces In magnitude, however, is due primsrily to the shifts
in center of pressure of the tall caused by additlon of the wing. These
results 11llustrate the nscesslty of using 1ift instead of moment results
In the procedure used hereln in order to obtaln effectlive average down—
wash values closer to the physlcel wvalues.

Comparison of the downwash values obtained from equation (7) in
appendix B and shown in figures 18(c) and 18(d) with values from
figures 18(a) and 18(b) show the large differences which result from
ignoring the body upwash and wing effects on the tail effectiveness.
Comparison between the downwash velues in figures 18(a) and 18(c)

for the -E—: 0 +%8il, shows that the differences In the wing-smake

perameter fram unlty, and the effects of the large body upwash have com—
bined to greatly reduce the values caelculated by equation (7) below
those calculsted by equation (6). The downwash values for the two higher
tails are underestimated using equation (6) by a factor epproximstely

de
equal to 1 — d.or.b’ since 'l?he wingake paremeter was gbout unity as

shown In figure 15. A roughly simllar comparison msy be obtalned between
the downwash values of figures 18(b) and 18(d), although the comparison
is further complicated by the shifts In center of pressure of the tail.

Schileren Photographs

In order to provide aen indlcation of the loceatlon and reletive
intensity of the various disturbances due to the flow about the models,
systematic schlieren photographs were made., These are shown for one
value of the taill incidence aengle for each BWT configuration in
figures 19, 20, and 21, Dashed Mach lines from the wing tips enclosing
the two—dimensionsl flow or zero—downwash region behind an isolated wing
are shown In each plan view.

An Inferesting observatlian is afforded by the shock waves, seen in
the photographs, emanating from the reglon between the = 0.35 tail

and the upper surface of the body. In the plan views of flgures 19, 20,

and 21, for the b = 0. and %: 0.70 +%ails, a single shock crossing

c
each tall semlspan trailing edge inboard from the tip can be traced in
a nearly stralght 1line to the leadling edge of the vertlcal tail. For

the %: 0.35 tail, however, two distinct shocks imbersecting the

olp
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horizontal—tail tralling edge are seen 1n the plan views. The most
inboard of these two shocke can be traced to the vertlcal—tell leading
edge, but tracing the outboard shock forward suggests that a strong,
detached shock existe shead of the vertical tail between the horizantal
ta1l and the body. It is thus indicated that a relatively large reglon

of subsonic flow exlsts beneath the i—:—— 0.35 +tall, and it 1s probable

that the flow is locally "choked" in the reglon bounded by the side of
the vertical tail, the lower inboard surface of the horizantal tall, and
the upper surface of the body. This mlixed flow undoubtedly influences
the flow at the tall which led to the negative 1ift due to the tail for
zero angle of attack and zero Incidence angle shown in figures 5 and 6.

In the curves of figure 18(a) showing the variatian in effective
dowvnwash angle with tail helght, a "hump" 1s indicated at the §= 0.35

tail location. This hump indicates that the wing has affected thls
mixed—flow reglon to a greater extent than it has affected the flow
about the body and tall for the other two tall poaltions. In other
words, for the lowest and highest talls, 1t appears that the flow due to
the wing 1s more nearly superimposed upon the flow due to the body at
the tall without mutusl interference than is the case for the Inter-
medlate tall. In an effort to furnish same quantitative informatian
from schlieren phobographs on the velldity of this deduction, plan—

view schlleren photographs were made of the %— = 0,35 BT and BWT con—

flguratione with the tall set at various incidence angles. The quantlty
selected for measurement was the digtance between the vertical-tail
shocks at the horlzontal-tall tralling edge. Filrst, 1t was observed
that the dlstance between the legs of the inboard shock: (originating at
the leading edge of the vertical tall above the horizontal tall) veriled
only slightly with angle of attack and to a somewhat greater extent with
taill incidence angle. ILittle change in these distances was noted when
the wing was added. For the outboard shock (originating ahead of the
vertical tall beneath the horizontal tail), the measurements showed a
lerge, but smooth (nearly linesr) increase in the distance as either the
incidence angle or the angle of attack wes Increased. The effect of
adding the wing was to increase the distance between the shock legs for
negative angles of attack and to approach no change In the distance at
some positive angle of attack. Thus taking these variations in the
location of the limit of the disturbance to the flow beneath the tail

as Indicative of veriatiaons in the flow itself In this region, the
schlieren observeations clearly showed an appreclable effect on the local
flow at the tall due to adding the wing.
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Collected. Pltching-Moment Results

The variation in piltching-moment—curve slope with tail height for
the BT and BWT configurations is given in filgure 22. Average values
of the moment—curve slopes throughout the 1; range from table I are

shown, although there appears toc be a signiflcant effect of i‘b for
the %: 0.35 taill. The significant pltching-moment trends with tail

height and wing poeiltlon are not changed, however, by using averages;
also, 1t seems logical in observing general trends to omii considera—

tion of the %: 0.35 +tall as an wusual or pecullar case. In order

to isolate the effect of the wing on the tall contribution to the moment,
the effect of the wing on the body 1s teken out of the moment curves for
the BWT conflguration end shown as the dashed curves in figure 22. The
effect om the tall due to adding the wing is thus the differemce between
the dashed curves and the BT curves. In order to show the shifts in
tall center of pressure as the wing 1s added end as the wing and tail
positlons are chenged, the lncremental moment—curve slopes due to the
measured Incremental tail 11fts have been calculated (assuming the tall
center of pressure at the theoretical flat-plate location) and compared
in figure 23 with the measured moment—curve slopes. In order to regard
the relative dlfferemces between the calculated and measured moment -
curve slopes in figure 23 as due to tall center—of-pressure shift, the
contribution of the taill-drag Increment to Cmu mist be shown to be

small, The contribution of the tall drag change with angle of attack
is in the stebllizing directlon in every cese, and caelculations showed
the contribution to be almost lineer In the test angle—of—ettack renge.
The brecketing velues of this contributlion for the lowest tall and
largest tall wvolume and highest tell and smallest tall volume were
found to be ACm, = —0.0002 and —0.0004, respectively. These values

were calculated for the average 1; value and are comsidered to be
small.

In discussing the effects of the various factors on Cmm, it 1s
realized that some of the changes in Cma would be of small consequence

from a practical viewpolnt. The dlscussion 1s thus primarily mesde for
the sake of other cases where the same factors msy be of different
megnltudes end combine to produce much larger. changes In sbtatic langi-—
tudinal stability. Such a cass mlight be provided by the present con—
flgurations at a lower Mach number.

For the BT canfiguration in figure 22, dlsregarding the %— = 0.35
tail, the effect of ralsing the tall 1s to move the moment—curve slopes
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in a destabllizing directlion. Comparing the differences between the
measured and calculated momsnt—curve slopes in figure 23 indicates that
this trend 1s due to a forward movement 1n center of pressure as the
tall is ralsed to the highest position, since from table II, the 1ift
Increments of the two talls sre about equal. TIncldentally, the cemter
of pressure of the lowest tall appears about at. the assumed location.

From flgure 22, the effect of adding the wing to each of the
BT configurations ie to reduce or not change the static etabllity margin
in every case, which trend 1s in the direction of that to be expected
from consideratlion of anly the downwash duwe to the wing. For the lowest
and highest talls, the effect om On, due to asdding the wing decreases

as the tall arm decreases, as would be expected from the trend of de/da.

For the shortest—tall-erm case, the effect of the wing on the tall con—
tribution to Cm, appoars ebout zerao for both tails; however, the

reason for this result can be shown to be different for the two casmes.
First, from figure 23 for %: 2.1k, comparison of the relative difference

between the calculated and measured qu_ values for these two talls

indicates no center—of—pressure shift as the tall is moved from 131-= 0

to 2_1 = 0.70 (for thess two cases, it appears that the taill cemter of

pressure is coincidentally at the assumed location). Thus s from the
previous dlscusslon of downwash and wlng-wake effects on tall effective—
ness, 1t 1s Indicated that for the lower tail, the increase iIn tail
effectiveness due to adding ths wing offsets the destabilizing effect

of the positive de¢/da value, whereas for the higher taill, de¢/da 1s
nearly zero and the tall effectiveness is unchanged by addition of the

wing. '

Tor the BWT configurations, figure 23 shows that for the cl= 3.34%

case, addition of the wing produces a shift in tsll cemter of pressure
about the same for both the lowest and highest talle; thus the trend of
no significant change with tail height (agaln disregarding the Inter—

mediate tall) arises fram compensating effects of the wing downwash and

wing effects on tall effectiveness. For the g’-: 2.74 case s 1t appears

from figure 23 that additlon of the wing hss produced a forward shift

in center of pressure of the lowest tall relative to the highest tail,
It alsc appears, for this tell arm, that addition of the wing to the low
tall configuratlon produces a greater shift In tall center of preasure
thaen additlon of the wing to the hligh tall configuration. The trend of

increasing static mergin as the tall is raleed for the g—: 2.7h case 1s
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thus indicated to be due primerily to a rearward movement in the bail
center of preassure. For the %_: 2.14 case, no shift in tall cemter

of pressure with tall height is involved; thus as compared wlth ‘

the %: 3.3% case where also no corresponding tail center—of-pressure
shift was involved,. the change in trend with increasing tail helght to
decreasing static mergin asrises from the fact that whille the wing down—
wesh decreases as the wing moves rearward, the Increased tall effective—
ness due to the wing remains unchanged.

CONCILUSIONS

An investigation at Mach number 1.92 in the TLangley S—inch super—
sonic tunnel of a variable body—wing—tail configuration has been made
in order to determine and to isolate the baslic aerodynamic effects on
each other of the camporents of the canfiguration. The body had a
fineness ratloc of 12.5 with a cylindrical midsection so that the aspect—
ratio— rectangular wing could be located at three longltudinal positions
along the body. The after portion of the body converged to the sting
diameter. The variable—incldence—engie rectangular tall was of the
pame aspect ratio as the wing, but one—fourth the wing area, and could
be located at three vertical positions relative to the plane of the wing.
The results of the Investigation within the rengs of the linear variations
of 1i1ft and moment with angle of attack Indicated the following conclusions:

1. The 1lift— and moment—curve silopes of the body alone were
spproximately in agreement with velues obtained from Munk®s simple
body theory comsidering only the positive 1ift on the oglval nose.

2, The lift—curve slope of the wing alone was 93 percent of the
linear—theory value and the center of pressure was 0.15 chord ahead
of the theoretical locatlion.

3. The increased 1ift increment of the wing when added to the body
was about the same as calculated from simple body upwash consliderstions,
but the 1ift carry—over of the wing is located aft the wing
edge on the body as predicted by celculations based on Ferraril?s body—
wing interference work.

L, When the wing wase added to the body, a large incremental drag
above the drag of the wing alone occurred. Thls drag Increment was
belleved to be assocleted with a change in the boundary—layer flow over
the body rearwerd of the wing from laminar to turbulemt, since the drag
increnment decreased as the wing was moved back along the body.
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5. The effect of adding the wirng on the drag increment due to the
tall was small, except for the two higher tall positlons at the highest
test Inclidence angles.

6. The effect on the 1ift effectiveness of the tail due to verying

a
tall incldence, —CII, of adding the wing was to lncrease the value for

dlg
the lower tail position asnd not to change the value for the two higher

dc
tall positions. The corresponding changes in moment effectiveness, i‘-,

indlicated & forward shlf't in the tall center of pressure due to adding
the wing for all tall positions.

7. The average effective values of wing downwash, de/da, at the
tall obtained from the component force tests were greater than the
average values across the tall calculated from linear theory. These
differences are attributed to the wing-sake effects on tall effectiveness,
the effects of mutual Interference between the flow due to the wing and
that due to the body, and the effects on the Integrated Fforce an the
tall of the nonuniform flow across the tail.

8. Various factors influencing the static longitudinal stability
of each complete configuration were isolated and shown to cambine in
different fashions for the various configurations so as to produce Cmq

variations wilth tall height and wing position which were significantly
different from those to be expected from considerations of omly the
wing downwash. '

9. For the intermediate vertical location of the tall, a mlxed or
locally choked flow was found to exist In the region bounded by the
lower surface of the horlzomtal tall, the side of the vertical tall,
end the upper portion of the body surface. Thils asymmetrical flow was
shown to be influenced to a greater extent by addition of the wing
than was the flow alt the hlghest and lowest tall locations.

Langliey Aeronsutical Iaboratory
National Advisory Camnittee for Aercnsutics
Langley Alr Force Base, Va.
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APPENDTIY A
DISCUSSION OF FACTORS AFFECTING UNCERTATNTY OF TEST QUANTITIES

A discussion is given In the following paragraphs of the various
factors contributing to the final total uncertainty of each of the test
guantities listed In table I.

Strain—gage measurements.— In the sirain-—-gage measurements, two

factors have affected the accuracy of the finel values, namely, random
shifts in the zero readings during each test run and uncertelntles in
calibrations. Variations in the zero shifts were the lergest factor
contributing to the uncertainties of both 1ift and moment end camstitute
the greater part of the values of uncertainty shown 1n the table

for Cp, = 0. These zero shifts were rendom and were not due to tempera—

ture effects since the gages were accurately temperaturs compensated.

It 1s seen in the teble that as the center of 1ift moves rearward,

(t1/c decreases) even for the case of zero 1ift in the first test

serles, the uncertainty of Cp decreases. This changs In the preclsion

for a given deviation from the mean of the zero readings arises from’
the conversion of the moment value from the polnt of measurement to.the
given reference point. As the transfer distance or the magnitude of
the 1lif't increases, the contribution of the 1ift error to the final
-moment value is increased.

The straln-gage beams used in the first test series were bench—
calibrated before the tests and celibrated in the tunnel with the modsel
In place & number of times durling the tésts. From a total of nine such
callbrations, the maximm probable deviatlion of any calibratlon about a
meen was found to be 0.6 percent for the 1ift gages and +0.L percent
fTor the moment gege. Estimates of errors entering into the camputation
of 1ift and moment coefficlents other than the callbration errors showed
their effects to be small as compared with the calibretion errors. Thus
the increase In uncertainty with increase in 11ft coefflclent shown in
the table is primarily due to the callbration errors.

For the second test series, the random shifts in zero readings
were mich smeller, and no significent changes In callbratlon of the two
gages were observed, Tthus no estimate of the uncertainties is shown for
the spproximate end of the linear range of the 11ft and moment curves.
The reversal of the trend in the variastlon of the uncertalnty for Cp

as the tail arm 1s changed is due to the fact that the moment is indicated
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an two gages Instead of one as for the first test serles. The preclsion
of the moment readings 1s thus a function of the locatlon and magnitude
of the normal force relative to both gages.

Pressure measurements.— All pressure measurements were taken

directly from a vertlcal mercury—filled mancmeter where a reading accu—
racy of 0.0l inch of mercury was obtalned., The effect of this
possible reading error on dynsmic—pressure values was negligible. In
computing the final drag results using the extermal balance readings,

a measurement of the pressure in the box enclosing the support spindle
and balsnce gystem was neceassary. The dlfference between this box
pressure end streem pressure constitutes a pressure force acting on the
spindle cross—sectlional area. This pressure force could be svaluated
within #10 percent, and since the correction was never greater than

5 percent of the total drag, the meximm uncertainty in Cp from this

source 1s about'x0.0001,

Stream conditions.— Detailed stream surveys throughout the tunmnel test

sectlon have Indicated the varlation In Mach number to be no more
than £0.01 about the mean value of 1.92, and the stream—static—pressure

varlation no more than :tl%ﬂ percent about the mean., Iess detalled Flow—

angle measurements Indicate negliglble flow deviationrs. It should be
mentioned in this regard that the model was mounted In the test section
so that the wing leading and trailing edges were parallel to the tunnel
slde walls. Thus with changes In angle of atbtack, the model should
encounter smaller changes 1n the gtream angle snd stream pressure
gradlents than 1f mounted with the wing lesading and tralling edges
paraliel to the two—dimenslonsl nozzle surfaces. In any case, the effects
on the dasta of those small varlations in stream conditions are not known,
but 1t is belleved that they are very small.

Angle—of—ettack and tall—incidence—angle measurements.— Angles of
attack of the model Indicated by a light beam reflected from a small
mirror Iin the model could be visually read to an accuracy of *0,01°,
Ilkewise, the model could be reset relatlve to the slde walls and the air
stream upon each ingtallation within +0.01°. Tail—incidence—angle
measureuents were made by taking the averages of & large number of angle
measurements made at several spanwise stabions at each tall setting. The
most probable deviation from a mean for these measurements for each tall
setting was 0.03°,

Mechanical—scale measurements.— Although the 11ft, moment, and drag
forces Indlcated by the mechanlcal scales were recorded for all the tests,
the only scale 1ift and moment resulte filnelly considered were those
obtained for the wing-elone tests, using & different sting and windshield

<!
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arrangement. In regard to the drag data which were taken directly from
the scale measurements for all configurations, auxillary tests showed

only negliglible effects on the drag of the flow over the spindle and in
the windshield slot reglon. The tobtal uncertelinty in the drag-coefficlent
values is thus made up of the uncertalnty in scele readings and the uncer—
tainty in the buoyancy—force correctlion already dlscussed.
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APPENDIX B

DISCUSSION OF PROCEDURES FOR REDUCING FORCE DATA FROM COMPONENT
TESTS OF VARIABLE-TATIL~INCIDENCE CONFIGURATIONS TO EFFECTIVE

DOWRWASH ANGLES AT THE TATL

There appear several possible procedures for reducing force data
from tests of complete variable—tail—incidence configuraetions and their
camponents to effective, average downwesh angles at the tell, each pro—
cedure iInvdlving different assumptione or, conversely, each procedure
ylelding different effectlive dowmwash angles. All the procedures involve
elther 1if% or moment measurements end consequently yleld downwash angles
which are Integrated or average values across the taill. Thus, strictly
speaking, the results for even the best procedures include in the down—
wash—angle velues the effects on the forces on the tail of changes in
stream pressure and Mach number due to the wing and the effect on the
forces of the nonuniform flow fleld shead of the tail.,

The usual btechnique which has been employed extensively In the past
in subsonic wind—tunnel tests involves the measurements of the varlation
of moment coefficlent with angle of attack for the configuration without
the tall (BW), and the measurement of the same variation for the complete
configuretion with the tall (BWT), with the tall set at several values
of incldence engle. It 1s then assumed that when the moments of the
BW and BWT configurations are equal, the tail does not contribute to the
moment and the average flow angle across the tail plane is zero. The
average flow angle at the tall 1s then obtalned as the algebraic sum of
the angle of attack and the a.ngle of incidence at the angle of attack
for equa.l moments.

The principal assumptions involved in this procedure are: (1) only
a change In average flow angle affects a change in moment, hence anly a
change in tail 11ft contributes to the moment; (2) the influence of the
tall on the body moment 1s small. The first of these restrictions may
be of cansequence 1n cases where the tall drag contributes to the moment,
guch as for & configuration in which the tail locatian 1s displaced ver—
tlcally from the moment reference. Also, changes in the stream conditlons
at the tall due to the wing cen change the lift—curve slope of the tall,
The second restrictlion 1s probably of small comsequence for the usual
configuration in which the tall is at the rear of the body. This pro—
cedure, In which tests of only the BW aend BWI configurations-are made,
ylelds only the absolute average flow angle et the tail due to the
induced flow field about the body and wing, not the average downwash duse
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to the wing. In order to obtain the effect of adding the wing, the same
procedure must be followed for the configuratioms without the wing, that
is, tests of the B end BT conflgurations with various Incidence angles
mist be made. These latter tests glve the average flow at the tall due
to the induced flow field aboubt the body. At each corresponding angle
of attack, the difference between the sverage downwash values obtained
in the presence of the body and wing and those cobtained in the presence
of the body is thus the effect of adding the wing. This finel wvelue is
gt11l not the true downwash dus to the wing within the limitatlions
mentioned in the first paragraph, since the flows due to the wing and
body are superimposed upon each other and the effects of thelr mitual
Interference are included in the results.

Iift Instead of moment resulis could be used in the foregolng pro—
cedure. The moment increments due to the tail, however, are usually
much larger than the 1ift incremsnt, so that use of moment values leads
to more accurate results. Since this procedure is a "null” one, the
shifts In cember of pressure of the tail are not involved In the average
downwash values and there appears little cholce between 11f{ and moment
values except that of accuracy unless the tall drag contribution to the
moment 1s apprecilable, in which caese use of the 11ft results would
eliminate the errors arlsing therefraom.

The procedure used to cbtain downwash values In the presemt report
1s essentlally the same as that Just described wlth additional restric—
tions as to linearity of the 1ift or moment variations, Also, the
results were computed from test values rather than by "crossing curves.™
In the present procedure the use of 1ift Instead of moment velues 1s
necessary in order to avoid the inclusion In the average downwash angles
of the effects of tall center—ocf—pressure shift due to adding the wing.

For the complete configurastion of BWT where the variation of tail
1ift wilth incldence angle is linesr and not a function of «, the 1ift
is summed as

CIBWT=CIBW+(GI%)BWT(G+it—be)

. mer ~ gy (1)
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For the BT configuratlion, the 1ift is summed similarly and

CLgp ~ C1g

(2)
(CLit)BT

The, d1fference between these values 1s the effect of adding the wing

€y (3)

E-w- = E'bw

If the varilatlons of 1ift wilth angle of attack of the B, BT, BW,

end BWT configurations are also llnear and the BT and BWT con.f‘igura.tion
slopes are not functions of the tall incidence angle, then equaticms (1),
(2), ard (3) may be written as

depy 1 (CI'a)EW‘I' - (CI'OL)BW (&)
d“ (et )sver

aey o)~ (s )

e (Ory)sr

- | (6)

A procedure which is even more restricted then that outlined above,
but which 1s sometimes used, excludes the wing—whtke effects on the
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lift—curve slope of the tail end ignores the effects of body upwash.
In this restricted procedure the 11ft 1s summed as follows:

e = i ((Cradoe ~ (C2edo)(® =9

where

dew' =1 — (CI'U.)BW‘I' ~ (OI'CI.)BW
(CI'TI)BT - (CI'G, B

(7

The limitatians of equation (7) in yielding a varilation of effective
average downwash angle wlth angle of attack are best 1llustrated by
putting equation (6) in a form comparsble with equation (7).

Equation (6) may be written as

Sv _ (L%, _ (°r Jorer ~ (Cro)ow 1
o ( d:b) Cro)or ~ (Cr)s ™

Comparison of the sbove equation with equation (7) shows that for
de
equality, both the factors 1 — -d._cr,h and 7y muet equal one. Thus

equation (7) obviously ignores the effects of body upwash and the effects
of the wing weke on the tall effectiveness.
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TAHLE I.- SUMMARY COF TOTAY, UNCERTATRTY OF TEST QUARTITIES

Uncertainty at approximate

Tegt aeries Quantity Configuration Uncertainty for Op = 0 end of linearity

Flret or, BRT 40,0010 40,0011

B +0,0011

m 10,0010

B #0.0010

First Cy for é- 3.3k BWT #0.0033 0,003k

BW 10.00L,

BI 10.0035

B +0.0034

First Oy for % w2,k BVT 10,0021 £0.0022

BW 40,0029

Becond CrL &11 10,0008 0000 | emneas

Second Cn for &= 3.3% A1l 0,000 [0 meeeeee

Second Op for &= 2.1b ALL r0.002 00 | e

First Cp (scales) Al #0.0003 200 | 0 meeees -

Cr, {scales) W 0.0000 0 | 0 cewemas

Cy (scales) W Tt e T I ——

AL Angle of attack A1l +0.01° S

AL Tail incidence angle BWT 10.03° | mmeen-
BT

ALl Btream Mach mmbear All o,00 000 | eeeeae-

ALl Strean pressure All 1'1% pepcant @ | 00000 =memee-

BGSIOT WY VOVN

LE
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TABLE IT.— SUMMARY OF EXPERIMENTAIL, LIFT— AND PITCHING-MOMENT-CURVE SLOPES
' Cr, for L Cp, for L c Cmg referenced for !
T&il i‘b c ¢ LG ) c
°ii/zi° {de@)| 3.3% | 2,74 | 2.1k | 3.3% | 2.7k | 2.k 3.3 | 2,7k | 2.1k
i BRT BT
0 -0.43|0.0480 |0.0487|0.0491 |-0.0167|-0,0123 |-0.008%4| 0.0107T| -0.021% [ -0.0150 (-0.0086
0 5.00f .0480| .0486| .obo1| -.0167| -.0119| -.0076| .0107| -.0216| -.0152| -.0088
.35 .81 .ok78| .ok80| .oLBYL| -.0143| -.0132| -.00k2| .0103 -.0194| -.0132| -.0070
.35 | L.18! .ok76| .0LB1( .0MB6| -.0156| -,0118] -.0057| .011l| ~.0218| -,0151]| -.008%4
.35 7.79 .0484| .0k90( .Qk91| -.0170| -.0137| -.0064 .0112| ~.0222| -,0155| -.0088
.70 |-0.68| .o480| .ok86( .0u86| -.0175| -.0130] -.0072] .0102| -.0194| -.0133| -.0072
.70 | 2.36| .o481]| .obgo| .0485| -.0158] -.0130| -.0069] .0108| -.0209| -.0144| -.00T9
.70 | 5.56] .0482| .0k88| .okgl| -.0182] -.01k%| -.0082| .0114| ~.0214| -.0146] -,0078
L0 | 9.43] .0482[ .0488| .OMBR|cmmmmen|cmcmmn |mmmma [ mmmee ] e e e |
¥o horizontal B B
tall .okoo| .0s03| .oho5| .0080| .o0092| .0101| .0022| .00TL| .008k| .0097 |
Igolated LJ
wing .0365 0055
GRSl 2

gt

BgeIfT WH VOVH




TABLE III.. LIFT-CURVE AND MOMENT-CURVE SIOPES DUE TO VARYING ig

! a3.34 oo Luo,1b No wing
c o] (o]

h/c dﬂm' referenced for Il-
Lp | Ly | &g O | & | & | oao T ¢
iy | Ay Gt | i dg ) Ay | di_t 3.3 | 2.7h | 2.1k

0 0.0063 [-0.0210/0.0064|~0,0172|0.006% | -0.0134| 0.0060] -0.0204| -0.,0166 -0.0130

35| .0079| -.0260| .0079| -.0212| .0080| -.0164 .0078] -.0272| -.0203| -.017H

70| .0086] -.0276] .0085| -.0227| .0082| -.0168| .0085| -.0290| -.0236{ ~.0L7T
‘ZW’-
- ..

BRSTOT WH VOVN
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TABLE IV.- COMPARISCN OF INCREMENTAL DRAG OF WING ADDED TO B AND BT CORFIGURATIONS

(Bach drag increment cbtained for angle of attack at vhich minimm drag
occurs for corresponding BWT configurations.:]

1 1 1
= 3.3k == 2.7h : = 2.1k
ig
_h/b (aeg)|CPmy = Cop| Deyr ~ Copp|Chpy = CDp|Copyr - CDpp(CDay - CDs|Chmr - CDar
Cow CDg CDy CDw Chw Cow
0 |-0.L3 1.30 1.29 1.26 1.26 1.18 1.16
5.00 1.25 1.25 1.22 1.20 1.1k 1,13
.39 .81 1.29 1,28 1.26 1.28 1,18 1.19
4,18 1.25 1.21 1.22 1.19 1.1k 1.09
T.79 1,24 1.28 1.20 1.27 1.10 1.16
V70 -, 68 1.29 1,34 1.26 1.29 1.18 1.19
2.36 1.27 1.30 1.2% 1.23 1.16 1.16
9.13 1.20 1.22 1.19 1.18 1.09 1.01
= 2
2
2
- 5
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Figure 1.~ Drewing of test setup in tummel.
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Figure 3.- Variation of 1lift coefficient with angle of attack for BWT,
BT, and B.
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Figure 3.- Continued.
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